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Introduction
The design and synthesis of multidentate ligands, which complex to a variety of metals via two or more atoms, continues to be an important research area in coordination Suzuki cross-coupling reactions and hydroboration, 3 and olefin oligomerization. 4 In homogeneous catalysis, where controlled variability of the metal oxidation state at the different steps of a catalytic cycle is crucial, the adaptability observed in hemilabile ligands proves to be a major asset in preventing the degradation of the catalyst and enhancing reactivity. 5 One of our groups has initiated a research program aimed at synthesizing heterobimetallic species having both Lewis acids and late transition metals in the same framework. 6 In order to include two transition metals having distinct reactivity on the same ligand, it is necessary to have at least two sites with distinct chemical affinities.
One of the best strategies relies on the affinity of soft ligands, such as phosphines, to bind low-oxidation state metals, and the affinity of hard ligands, such as amines and imines, to bind high-oxidation state metals. 7 The cis,cis-triaminocyclohexane framework is known to bind selectively and strongly with early metals when all of the amino functionalities are in the axial position. 8 Hence, it is logical to postulate that the addition of soft donors (such as phosphines) to the three amino moieties will also favor late metal coordination.
Some heterobimetallic species form as precipitates during synthesis. Though crystalline in nature, their insolubility prohibits the growth of single crystals of the size and quality necessary for single-crystal X-ray diffraction experiments. Since the species discussed herein feature both phosphorus-containing ligands and platinum atoms, 31 P and 195 Pt solid-state NMR (SSNMR) experiments should prove useful for their structural characterization. While 31 P SSNMR experiments conducted under conditions of magicangle spinning (MAS) and cross polarization (CP) are routine, the 195 Pt SSNMR experiments on such systems are more challenging, since the platinum chemical shift anisotropies (CSA) are expected to be very large, 9 resulting in extremely broad patterns with correspondingly low signal to noise (S/N) ratios. However, there are a number of techniques that can be applied which are suitable for the enhancement of S/N and the acquisition of high quality 195 Pt NMR spectra. In particular, the combination of frequency-stepped piecewise acquisition of extremely broad spectra, 10 and S/N enhancement via CP and repeated echo acquisition via quadrupolar Carr-Purcell
Meiboom-Gill (QCPMG) type pulse sequences, 11 have proven very successful for the acquisition of ultra-wideline (UW) SSNMR spectra of both spin-1/2 and quadrupolar nuclei.
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Herein, in the first of a series of articles that will be devoted to the stabilization of heterobimetallic species with the cis,cis-triaminocyclohexane framework, we report the synthesis of two new hexadentate trisaminotrisphosphino ligands and their coordination behavior in the presence of Pt(0) and Pt(II) precursor complexes. The structures of these complexes are characterized with a combination of solution and solid-state NMR experiments, FTIR spectroscopy and X-ray diffraction techniques.
Results and discussion
Ligand synthesis. The condensation of three equivalents of 2-diphenylphosphanylbenzaldehyde with cis,cis-1, 3,5- Figure 3 (b)); rather, the pattern is suggestive of a distribution of Pt sites, making it difficult to accurately simulate the spectrum and extract the chemical shift (CS) tensor parameters (see Table 1 for parameter definitions).
The spikelets comprising this spectrum are the result of the direct Fourier transformation of the CPMG echo train. The pattern covers a breadth of ca. 1350 ppm, and is clearly not representative of an axially symmetric CS tensor (i.e., the skew, , does not equal +1 or -1, since there is no localization of intensity at either the low or high frequency ends of the powder pattern). The centre of gravity of the pattern is ca. -4755(120) ppm, and is comparable to that of the tris(triphenylphosphine)platinum (0) compound (δiso = -4600 ppm, in C7D8 at -80°C). 17 The relatively small pattern breadth and clearly non-axial CS tensor are consistent with a distorted, non-planar Pt environment.
Insert Tables 1 to 3 Comparison of the IR spectrum of 5 with free ligand 2 shows that the N-H amine bands are similar (3298 cm -1 for 2 and 3302 cm -1 for 5). This, and the lack of Pt-N vibrations 18 usually observed between 275 cm -1 and 535 cm -1 (Figure 4 ) imply the absence of interactions between the amine and the platinum, as expected for a platinum(0) compounds which prefer binding to soft ligands such as phosphines.
Insert Figure 4 (stack plot of IR in N-Pt region)
The insolubility of the yellow precipitate (opposite to that observed for 4) and the spectroscopic evidence above make us postulate that 5 possesses a polymeric structure It is therefore assumed that several fluxional processes are taking place when only one equivalent of (cod)PtI2 is added to the hexadentate ligand, such as a change of conformation in the cyclohexane ring, the presence of slow rotation around the C-N bond of the aminocyclohexane, and/or ligand exchange within a same hexadentate framework or with another hexadentate ligand.
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In order to limit the number of fluxional processes, the addition of three equivalents of platinum precursors was attempted. Compound 1 was treated with three equivalents of (cod)PtI2 to afford 6 (Scheme 4) as an orange powder; however, solubility issues once again limited the application of solution NMR experiments, and solid-state NMR spectroscopy was applied to characterize this complex (vide infra). It was possible, however, to isolate few crystals for single-crystal X-ray diffraction experiments from a diffusion of ethanol into both very dilute and saturated solutions of 6 in DMSO. The platinum is in a square-planar environment ( Figure 5 ) and it is bound to 1 using a κ 2 -N,P interaction in a cis fashion, with the iodides located at the two remaining sites. As Reactivity and structural characterization of one equivalent of (cod)PtCl2 with 2. When one equivalent of (cod)PtCl2 is in solution for an extended period of time (more than one week) in the presence of 2, an insoluble material was isolated. The 1 H
NMR spectrum of the solution shows only free cod and 1 as the soluble species, thereby demonstrating that the ligand is being oxidized by the platinum complex. The 1 H-31 P CP/MAS NMR spectrum of 8 reveals a resonance at 3.1(4.2) ppm (Figure 9(a) ). Figure 9(b) ) has similar parameters to those observed for 6 and 7 (δiso = -4400(50) ppm, Ω = 3950(75) ppm; κ = -0.80 (7)), again indicating the presence of a square-planar species. However, the agreement between the simulation and the experimental data is not perfect, especially in the region of the low-frequency (rightmost) discontinuity. It is possible that there is an underlying pattern of low integrated intensity, perhaps corresponding to the presence of a Pt(0) species; however, we cannot confirm this with MAS NMR experiments for the reasons discussed above.
Conclusions
Two new hexadentate iminophosphine and aminophosphine ligands have been Pt SSNMR spectroscopy. Finally, the 31 P SSNMR spectra are extremely useful for both establishing connectivity/coordination between Pt and P-containing ligands, and identifying P-containing starting reagents and by-products of these reactions.
The results presented herein clearly show that both Pt(0) and Pt(II) complexes can be stabilized by the hexadentate ligand, opening the way for interesting applications in stabilizing reactive intermediates in catalysis, and that investigations of the solid-state structures using both XRD and SSNMR are important for future rational design of these systems. The hemilabile hexadentate framework of 1 and 2 offers several sites that can stabilize various oxidation states of platinum, and should demonstrate adaptability during catalytic processes. Indeed, whereas in most systems the reduction of platinum would lead to the loss of the metal as platinum black, here, the presence of multiple bonding sites allows for the platinum to be stabilized. It is possible that an analogous palladium system could prove very useful in catalysis by stabilizing the reduced Pd oxidation states and increasing the life span of the catalyst. Further studies on the reactivity and structure of such platinum and palladium complexes are currently underway.
Experimental Section
Cis,cis-1, 3,5- 
VT-NMR experiments:
1 H (400MHz) and 31 
Crystallographic Structural Determinations.
Crystallographic data are reported in Table 4 . Single crystals were coated with Paratone-N oil, mounted using a glass fibre and frozen in the cold nitrogen stream of the goniometer. The data were collected on a Bruker SMART APEX II diffractometer, except for 1 that was collected on a Bruker AXS P4/SMART 1000 diffractometer. The data were reduced (SAINT) 33 and corrected for absorption (SADABS). 34 The structure was solved and refined using SHELXS-97 and SHELXL-97. 35 In the case of 6, two highly disordered ethanol molecules are present in the cell, which was confirmed by both the volume and the electron density of the disordered molecules using the PLATON software. 36 Since it was not possible to solve these molecules, they were squeezed using PLATON. 36 All non-H atoms were refined anisotropically. The hydrogen atoms were placed at idealized positions. Neutral atom scattering factors were taken from the International Tables for XRay Crystallography. 37 All calculations and drawings were performed using the SHELXTL package. 38 The final models for 1 and 2 were checked either for missed symmetry or voids in the crystal structure using the PLATON software.
cis,cis-C6H9(N=CHC6H4(PPh2))3 (1): cis,cis-1, 3, (500 mg, 1.34 mmol) and sodium methoxide (2.18g, 40.3 mmol) were dissolved in 40 ml of THF and heated under reflux for 18 hours. The resulting slurry was filtered and THF was removed under reduce pressure to yield 1,3,5-triaminocyclohexane as a white powder. 1,3,5-triaminocyclohexane and 2-diphenylphosphanylbenzaldehyde (1.17g, 4.0 mmol) were dissolved in 30 ml of absolute deoxygenated ethanol in presence of molecular sieves (4 Å) and heated under reflux for 24 hours, during which a yellow precipitate appeared. The reaction mixture was cooled at -20°C and 1 was isolated as a yellow powder by decanting the supernatant (855mg, 67 % yield). Crystals were grown from slow diffusion of pentane in a THF solution of 1. 195 Pt CP/CPMG iso = -4550(100) ppm, Ω = 3400(175),  = -0.88 (7); iso = -4300 (60) Pt MAS (rot = 15.5 kHz) NMR spectrum of (cod)PtCl2 (bottom trace) and numerical simulation (top trace, using SIMPSON). In each case, the isotropic peak is denoted with an asterisk. 
